Graphene is a flat monolayer of carbon atoms tightly packed into a two-dimensional 2D honeycomb lattice. The graphene sheets in graphite interact with each other through van der Waals forces to form layered structure. The first graphene sheets were obtained by extracting monolayer sheets from the three-dimensional graphite using a technique called micromechanical cleavage in 2004 [1] . There are numerous attempts in the literature to produce monolayer graphene sheets by the treatment of graphite. The first work was conducted by Brodie in 1859 and GO was prepared by repeated treatment of Ceylon graphite with an oxidation mixture consisting of potassium chlorate and fuming nitric acid [2] . Then, in 1898, Staudenmaier produced graphite oxide (GO) by the oxidation of graphite in concentrated sulfuric acid and nitric acid with potassium chlorate [3]. However, this method was time consuming and hazardous. Hummers and Offeman found a rapid and safer method for the preparation of GO and in this method graphite was oxidized in water free mixture of sulfuric acid, sodium nitrate and potassium permanganate [4] .
Graphene is a flat monolayer of carbon atoms tightly packed into a two-dimensional 2D honeycomb lattice. The graphene sheets in graphite interact with each other through van der Waals forces to form layered structure. The first graphene sheets were obtained by extracting monolayer sheets from the three-dimensional graphite using a technique called micromechanical cleavage in 2004 [1] . There are numerous attempts in the literature to produce monolayer graphene sheets by the treatment of graphite. The first work was conducted by Brodie in 1859 and GO was prepared by repeated treatment of Ceylon graphite with an oxidation mixture consisting of potassium chlorate and fuming nitric acid [2] . Then, in 1898, Staudenmaier produced graphite oxide (GO) by the oxidation of graphite in concentrated sulfuric acid and nitric acid with potassium chlorate [3] . However, this method was time consuming and hazardous. Hummers and Offeman found a rapid and safer method for the preparation of GO and in this method graphite was oxidized in water free mixture of sulfuric acid, sodium nitrate and potassium permanganate [4] .
In the present work, graphene nanosheets (GNS) were separated from graphite by an improved, safer and mild method including the steps of oxidation, thermal expansion, ultrasonic treatment and chemical reduction. Graphene nanosheets (GNS) were exfoliated by following two ways. 1 st way, the longest exfoliation technique, contained these steps: graphite oxidation, ultrasonic treatment, thermal exfoliation, ultrasonic treatment and chemical reduction. 2 nd way, the shortest exfoliation technique, included graphite oxidation, ultrasonic treatment and chemical reduction. Both the reaction procedures with thermal expansion and without thermal expansion led to the formation of GNS. Fig. 1 showed SEM images of GNS obtained after thermal expansion and reduction process (1 st method), and by direct reduction process (2 nd method).
With this improved method, the layers in the graphite material were exfoliated, and high-quality graphene nanosheets were produced with higher yields [5] . The mild procedure applied was capable of reducing the average number of graphene sheets from an average value of 86 in the raw graphite to 9 in GNS. As the oxidation time was increased from 50 min to 10 days, stacking height of graphene sheets decreased and thus the number of graphene layers decreased [6] . The variations in interplanar spacings, layer number, and percent crystallinity as a function of oxidation time indicated how stepwise chemical procedure influenced the morphology of graphite. All samples were investigated by SEM, XRD, TGA, AFM, HR-TEM, Raman Spectroscopy and surface area analyzer. For the production of advanced type of catalyst support materials, the distinguished properties of GNS were combined with the structural properties of conducting polypyrrole (PPy) by the proposed simple and low-cost fabrication technique. A precise tuning of electrical conductivity and thermal stability was also achieved by controlling the polymer thickness of randomly dispersed GO sheets and GNS by a layer-by-layer polymer coating. The presence of oxygen surface groups and the amount of PPy in nanocomposites favored the Pt dispersion and hindered the aggregation of Pt particles on the support surface [7] . Novel fuel cell electrodes made of GO, GNS and their nanocomposites were fabricated in the form of thin-films by applying drop-casting method. Then, the performance of the prepared membrane electrode assemblies was tested in a single fuel cell. Comparably better fuel cell performance was obtained when GO sheet was used as the cathode electrode due to the large amount of oxygen surface groups on the surface of GO sheets.
Our previous study demonstrated the synthesis and characterization of PPy/GO and PPy/GNS nanocomposites [8] . PPy was coated on both GO sheets and GNS by in situ polymerization of Py by using FeCl 3 as the oxidant in the mixture of ethanol:water in 1:1 (v/v) for 24 hr. Before the addition of oxidant, the reaction mixture was put into an ice bath in order to prevent a sudden reaction. Then, the mixture was stirred at room temperature for 24 hr. The precipitation was filtered and washed several times by ethanol and distilled water to eliminate excess Py, catalyst and side products. The final products were dried in a vacuum oven at 60•C overnight. During PPy synthesis, the Fe 3+ /Py molar ratio was adjusted as 2.4. The feeding mass ratios of Py and nanosheets were 1:1, 2:1 and 1:3.
Pt deposition on the surface of nanocomposites was conducted by applying three different deposition methods including direct and sonication techniques. As the 1st method, samples were exposed to ultrasonic vibration about 1 hr for the homogeneous dispersion of sheets and 10 mM H 2 PtCl 6 solution was added into mixture and sonication process was performed about 30 min for the diffusion of the catalyst into layers. The mixture was put on the magnetic stirrer and 1 M NaBH 4 as a reducing agent was poured. As the 2nd method, samples were dispersed in distilled water by ultrasonic treatment about 10 min, then both H 2 PtCl 6 solution and 1 M NaBH 4 were added into mixture simultaneously and sonicated about 1 hr. Then, mixture was placed onto the magnetic stirrer about 24 hr. However, as the 3rd method, whole reaction was performed in ultrasonic bath and the deposition time was adjusted to 2 hr.
Powder samples, GO sheets, GNS, their composites, (0.05 g) were mixed by 10% Nafion® solution (1 mL) using as a binder in distilled water (5 mL) under ultrasonic treatment at room temperature for 30 min. Then, the mixture was poured onto Nafion® 117 membrane in order to prepare homogeneously dispersed and thin film and to remove the film easily from Nafion® surface. Thin films were obtained after keeping in oven at 80 o C overnight. Pt deposition on these films under sonication process about 2 hr by using 10 mM H 2 PtCl 6 as the Pt precursor and 1 M NaBH 4 was used as the reducing agent.
PPy was coated on the surface of GNS by in situ chemical oxidative polymerization of Py. A layerby-layer polymer coating observed clearly in SEM images. In the PPy/GNS composites, GNS are electron acceptors while PPy serves as an electron donor. In the presence of PPy, Pt particles adhered well to the composite surface. Therefore, coating by PPy on GNS induced electronic conduction, and the adhesion of Pt on the membrane surface was significantly enhanced.
All electrodes were fabricated by a drop cast method on Nafion® 117 sheet by using 10% Nafion® solution as a binder. SEM image of partially oxidized GO sheets in the electrode form indicated that GO sheets were stacked homogeneously during electrode preparation, Figure 2 . The thickness of electrode was approximately 91 µm. Some Pt catalysts dispersed separately and some of them aggregated on the surface. Aggregation of Pt nanoparticles on the electrode surface has a significance on the improvement of electrocatalyst film due to the decrease in surface area. The impact of physical and chemical aspects of GO sheets and GNS on catalyst size, dispersion and surface chemistry were investigated by applying three different impregnation techniques in order to fabricate novel electrodes for fuel cells. The shortest and most effective impregnation technique was achieved by Pt deposition under ultrasonic vibration about 2 hr. SEM characterization demonstrated that the deposition of Pt on PPy/GNS nanocomposite by sonication technique was more applicable than on bare GNS. Higher catalyst dispersion on the surface of Py:GO=1:1 composite without the aggregation of Pt catalysts was achieved since few GO layers provided higher specific surface area for a stronger metal-support interaction and thus prevent the aggregation of catalyst particles. In addition, the higher oxygen amount in GO structure hindered agglomeration and promoted Pt dispersion on the surface of nanocomposites. The coverage of PPy on both GNS and GO sheets favored the electronic conduction pathway which is necessary to sink the electrons generated from the chemical reduction of Pt catalysts. As a final point, fuel cell electrodes made of GO-based nanocomposites were fabricated by drop casting and Pt deposition was successfully achieved. Pt deposited GO sheets and GNS in the present study were an original attempt for the fabrication of fuel cell electrodes. In the further studies, the performance of Pt deposited GNS, GO sheets and their nanocomposite electrodes will be tested in a single fuel cell and their I-V polarization curves will be investigated.
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